GridWise ™:
ublic/Private Partnership for
ransforming the Energy System

Bringing Energy into the Information Age

Rob Pratt
Pacific Northwest National Laboratory

June 2003

Pacific Northwest
National Laboratory

B Chperated by Hattelle for th
a"e e L5, Depariment of Encrgy



Issues & Uncertainties Surround
Today’s Energy Infrastructure

Massive, fix~ assets

sized for peak demands
result in high-mortgages &
low asset utilizations

$450B investment needed by
2020 to meet load growth with
business-as-usual solutions
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e Transformed Energy Infrastructure
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i incentive for
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Grid-Friendly
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New Markets & Technologies
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Load (kW)

“Just-in-Time” Dynamic Operations
Loads, DG, Storage, Power & T&D Contracts
with Utility or Aggregator
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Role of Diversity
Location & Time

EI Househalds

Load per Customer [kWV]
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Time of Day
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umulating the Value Chain Accelerates
Penetration of Distributed Resources

Central generation $ $ $ $

e Avoided infrastructe Il

» Transmission ~3-yr payback

e Avoided infrastructure
e Congestion relief \
e VAR support

—>

e Spinning reserve

e Non-spinning resen/ s
» Distribution =
e Avoided infrastructure %
e Voltage support S
o Power quality 1) o .
|
» Customer !
e Lower electric costs !
o Waste heat utilization 130%
e Power quality
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ard Communication of Availabilities,
rices, Forecasts, Capacity Expansion
Plans

power prices,
contracts,
availability

status, availability,
ancillary service prices

Generator Marketplace

T&D prices,
capacity,

Transmission Marketplace | 2va!a®ii.

forecast, status

Distribution Marketplace

cost,
capacity,
availability,

Customer Meters | forecast | o
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award Communication of Current &
xpected Loads, Status, Operation &
Construction Plans
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Grid Friendly Monitor — Version 1.0.3 — 130.20.68.96

Grid-Friendly Appliance Passive Control Chip

Time:Wed May 08 08:40:02 2002 Frequency = 60.003 Hz
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Grid-Friendly Appliances Sense
Frequency Excursions & Control
Appliances to Act as Spinning Reserve
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rid-Friendly™ Appliances (GFAs)
Help Keep the Lights On

Loads and Reserves on a
Typical U.S. Peak Day

Industrial
28%

Commercial
29%

GFA potential

Residential exceeqs us
(GFA) 20% operating
reserve

requirements!
Operating /
reserves
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Millions

Grid-friendly appliances...
...rapid, automatic response to grid crises

...platform for active communication &
control

...pre-heat/pre-cool to coast through
peaks

...utilize & value thermal storage

...increase reliability & security

...unnoticeable by consumer
Batielle ...mass customization/marketing

rid-Friendly ™ Appliances (GFASs)
Help Keep the Lights On

eliminate need for 100s
of new power plants,

r

saving tens of billions
of dollars over 20

“...given enough ants, you
can move a mountain!...”

impromptu reaction from a utility power engineer
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Stage 1
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Bldg.
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Cooling Demand: m m
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raditional Control — Satisfies Absolute
Demand Regardless of Cost or Grid Conditions

Cost of Cooling
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startup
[ demand N
100 kKW [~ energy N
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grenns COSE
100 kW . ..... = |oad -
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ction-Based Control — Relative Need Expressed
Willingness to Pay; Control System Minimizes Cost

Need for Cooling

Stage 1 $5/hr
Stage 2 $18/hr, $10/hr

$5/hr
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Mibee®  Transaction Control for
poli Congestion
Management

/. 8 hrs later, Path A
restored, price returns
to normal level

Gen.

contract:

$50/MW
Contract: (8-hr)
$55/MW <

(long-term, L
delivered) [|PathA 10

Market $/MW

AAAAAAAAA

SW Gen. 40

M Market $/MW
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GridWise Markets and Controls
Merge to Form a Transactive Network

\EIGIES

Controls
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| Flexbus Increases End-User
Electrical Efficiency

» Efficiency from grid to server electronics is often 42% or
lower. Wasted electricity goes to heat, which causes
additional air conditioning loads and even lower overall

efficiency.

|
l.lll.l'll. % ;

Server Power Supply, 55%
Distribution, 98%

1 kW Hydrogen
Power Module |nverter’ 92%
Fuel Cell

Battery, 78%pacific Northwest National Laboratory
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The Value of Just-In-Time Capacity:

Timely and Smaller Increments
Mitigate Price Volatility & Boom-Bust Cycle

Demand capacity
expansion
Price . load growth load growth y
($/MW) Price
Supply
Quantity (MW)
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Actively ]
managing peak
demand defers

construction:
~$50B

Capacity
Additions

Capacity Outages =

Factor End-Use Cost of

Efficiency Capital Ancillary

Services
Better
utilization of
existing
generation:
~$2.5B

Batielle

Advanced controls &
diagnostics increase
customer efficiency:

~$10B

Active grid
management
reduces outage
costs: ~$5B

Reducing risk premium
by just-in-time capacity
markets lowers bond
rates 1%: ~$10B

nefits Exceed $80B (20-yr PV)

Customer

Generation
Distribution
Transmission

Grid-friendly
appliances &
equipment
supply required
spinning reserve
capacity: ~$0.5B
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GridWise™ Principle 1:

MC2=e
ot Markets + Communications + Control
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GridWise ™ Principle 2:

$ bits << $ iron

Investing in a 215t Century Electric System
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Industry is Already Mobilizing

» Wide variety blue-chip & high- .
tech startup corporations - -
embrace the vision GR’D A

e GridWise™ Alliance Board R
= Sempra Energy Solutions v
= PJM Interconnection, LLC
= Alstom Esca Corporation
= |IBM Global Energy & Utilities Industry
H
[

The Rockport Group
CEQ Coalition

» Federal role is to make the vision
broader, more integrated, occur
sooner, and ensure public benefit

Pacific Northwest National Laboratory
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Long Range Program

Architecture
Established
,Stds. Available

Vil

Simulation &
Analysis Tools,
Applications Suite

Available Y

Simulation and Analysis

A Regulatory
Technology and Applications Institutional &
Markets
Framework

Architecture &
Performance

Proven iy,
P 4 N Vendor,
< Regulator,
Customer
| | | | | | | | | Acceptance

03 04 05 06 07 08 09 10 11 12 13 14

Stakeholder and Institutional Adoption
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Technology & Applications — Strategy

Energy Industry

» Generation & DG Initial core .
. ESCOS

» Equip./Appliances SeCtor

« Controls strategic, public-interest apps.
» T&D Equipment

» Labs & Universities \
private
number & sophistication of applications I sector
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